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MEBT-2 Layout 
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Å It consists of two quadrupole doublets and four triplets. 
Å Two type of quadrupoles i.e. F-type and D-type (100 and 50 mm effective 

length respectively).

Å Each magnet package includes x and y steering correctors and a BPM.
Å Design specification of BPM resolution is 30 mm.

Å Longitudinal focusing is provided by two bunching cavities.

Å 50 Ohm and 200 Ohm kickers. 

Å Diagnostic includes: Allision Scanner, three set of beam scraping 

system, time of flight monitor, two toroids, fast Farady cup.

Bunching Cavity Bunching Cavity

scrapers scrapers

Frankenstein scraper

TOF monitor 

AllisionScanner Beam Dump

Toroid

Toroid



Outline 

ÅDifferential Trajectory Method

ÅJava-Based program for Differential Trajectory Measurement

ÅOptics Measurements at MEBT-2

ïDifferential Trajectory Measurement

ï RMS beam size measurement 

ÅSummary  
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Beam Optics Measurement: 

ÅPrinciple objective of beam optics measurement at MEBT-2 is

ïDevelopment of a optical model that could predict beam trajectory 

with minimal discrepancy.

ïBeam based characterization calibration coefficients (magnetic 

field per unit current) of correctors and quadrupoles.

ÅDifferential Trajectory method is used:

ï A kick is applied and resulting trajectory difference (before and 

after kick)is measured in subsequent BPMs.

ïMethod is independent from quadrupole and BPMs offset.

ï Independent from initial beam condition and useful to address 

issues such as power supply polarity swap, BPM reverse polarity 

etcs.   

ÅOPTIMX  beam dynamics code is used to prepare the optics 

model and analyze the measurement results. (Thanks to F. 

Ostiguy and V. Lebedev)
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Differential Trajectory : Measurement Procedure 

ÅA kick is excited using a corrector and response is measured in 

subsequent BPMs.

Å A set of data is taken for different kicks for the same corrector.

Å Potential sources of discrepancy in measurements :

ïGood field region of Qadrupoles. 

ÅIt is 23 mm for MEBT quads.

ïLinear region for the BPMs.  
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Nominal trajectory

Differential TrajectoryTrajectory after kick

Å Detailed description is presented in PIP-LL aŜŜǘƛƴƎ ά5ƛŦŦŜǊŜƴǘƛŀƭ ¢ǊŀƧŜŎǘƻǊƛŜǎ 
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Calibration Coefficient of the Steering Correctors (1)

Å Beam based characterization of calibration coefficient of correctors

(i.e. integrated magnetic field per unit corrector current) is foremost

steps toward optics model preparation.

Å In order to estimate calibration coefficient of a given corrector, its

current is varied and change in beam shift is measured in the very

next BPM. Quadrupoles are turned off to exclude their focusing

effect.
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M10 Corrector M20BPM

Quadrupole triplet is turned off



Calibration Coefficient of the Steering Correctors (2)

Å Beam centroid shift at following BPM is

given as:

ï where L is length from corrector to

measured device, is change in

integral field of corrector and c is

velocity of light.

ï , where C is calibration

coefficient.

Å Calibration Coefficient of corrector is

then expressed as:

ï is slope estimated from

measurement.
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(mT-m)/A (mT-m)/A

M00C 0.424 0.446

M10C 0.448 0.447

M20C 0.395 0.395

M30C 0.418 0.403

M40C 0.421 0.409

M50C 0.392 0.378

Calibration Coefficients



Differential Trajectory Measurement Program
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ÅProgram savesthe data files
compatiblewith OPTIM.

Developed by VyaghriSista, thanks to Bill Marsh Sunny

Å One can select steering

correctors (up to 6) and their

operating range.

Å Monitor devices allows to

discard bad data.

Å Reference trajectory is

measured at the beginning

and the end of the

measurement.



Differential Trajectory Measurement Set-Up 

ÅBeam pulse length of 20 msec with repetition rate of 10Hz is 

used for the measurement.

ÅBunch current is 5mA and beam energy is 2.12 MeV.

ÅBunching Cavity 1 and 2 are set to voltage of 1 kV and RF 

phase of -900.

8/8/2017Presenter | Presentation Title9



Differential Trajectory after excitation of M00CX
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ÅM00CXI is first steering corrector. 

Å Each point represents an average of 50 readings . 

Dx trajectoryDM00CXI = -0.1A;



Differential Trajectory Measurement : Data Validation  
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Å Before comparing with Simulation we performed a data 

validation.

ïData for which beam dump current remains  constant are chosen 

for comparison.

ï In linear optics   
Ў

Ў
= 
Ўq
Ўq

; Thus two trajectories must overlap to 

each other if one is multiplied with  ratio of their kicks.  
Dump Current 

Good set of data



Differential Trajectory Measurement: Data Validation
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Trajectory overlapping: A Good set of data shows trajectory overlapping   

Data1=DM00CXI = -0.106A

Data2 =DM00CXI = 0.121A



Differential Trajectory: Measurements  v/s Simulation 
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Dx trajectoryDM00CXI = -0.1A;

Å In order to reduce discrepancy between measurement and

simulation, strength of quadrupole and correctors are adjusted.

Q-Type Calibration
Coefficient

(Tesla/A)

F-Type 0.144

D-Type 0.085

Quadrupole Magnetic Measurement

Å In second doublet, quadrupoles

strength were scaled 0.96 and

0.95.

Å In following triplets, F-type and

D-type quads were adjusted as

0.95 and 0.94 respectively.
Å M00CXI corrector strength (shown on slide 

#7) is adjusted by a factor of 1.14.



Differential Trajectory Measurement: M00CX and M00CY
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DM00CXI = -0.1A; DM00CYI = 1.05A;

Y-trajectory
x-trajectory

Å M00CYI corrector strength (shown on slide #7) is adjusted by a factor of 

0.9.

After adjustment in

quads and corrector

strengths, simulated

trajectory pass

through data within

RMS error .



Differential Trajectory Measurement: M10CX and M10CY
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DM10CXI = 0.55A;DM10CYI = 0.41A;
Using same quadrupole

calibrations as obtained

from previous study,

differential trajectory

obtained after M10C

excitation reasonably

agrees with prediction.

Å M10CX and M10CYI corrector strength ((shown on slide #7) is adjusted by a 

factor of 1.03 and 1.11 respectively.

Data have been

performed for rest of

correctors and same level

of agreement is achieved

between prediction and

measurement.

TOF monitor



Beam RMS Size Measurement 
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Beam RMS Size Measurements in MEBT-2: 
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Å Beam scrapers are utilized to measure beam RMS sizes. are 

measured using scrapers.  From C. Baffes

Å Scraper scan is performed to intercept the

beam using one of the paddle.

Å Intercepted beam current is measured at

paddle and at the dump.

Å This data allows to determine beam RMS

size in respective plane.

Java Program:  Bill Marsh

A Typical scan fitting 



Simulation Set-Up:
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Alpha X BetaX

mm/mrad

Alpha Y Beta Y

mm/mrad

Alpha z Beta Z

TRACEWIN 1.45 0.368 -0.74 0.147 -0.059 1.473

Vertical Phase Space from AllisionScanner Å Allision scanner provides vertical

emittance. Same emittance is

used for horizontal plane in the

simulation.

ï In this studyey=ex =0.2 mm mrad

Å Beam initial energy is estimated

using TOF monitor.

ï Beam energy is 2.12 MeV

Å Initial Twiss Parameters were

obtained from measurement at

MEBT 1.3.

ï Procedure is discussed in J.P.

Carneiro talk in 28 Feb. 2017 PIP-II

Meeting.



Beam RMS Sizes : Measurements v/s Simulation
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Å Simulation is performed using TRACEWIN with beam current of 4.7 mA

that corresponds to dump current during measurement.

Å Beam RMS sizes were measured at location of First scraper, second

scraper and Allison Scanner.

Note: Errorbarsare+/- 5%

Measurement: 5th July2017.

Å Magnetic strength of
quads were adjusted as
obtainedfrom differential
trajectoryanalysis.

Å Needmore set of data to
verify reproducibility of
the results and get an
assuranceof initial Twiss
parameters.



Future Work 

Å In next run (started from August 7th ) we would address:

ïBeam parameters at upstream of the MEBT drifts during the 

measurement. It affects the quality of measurement.  

ïDifferential trajectory analysis when bunching cavities are 

turned on.

ï A comparison of differential trajectory measurement with pencil 

beam and nominal beam.

ÅPencil beam is generated using scraper system in MEBT and it is 

primary tool of beam commissioning in the SRF linac. 

ï RMS beam sizes Measurement .

ÅMEBT-3 is longer and we could measure beam sizes at more 

locations that would allow to improve our model.  
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Summary

ÅA program has been developed to perform the differential 

trajectory measurement.

ïProgram (in combination with OPTIM) is very useful even for 

the beam commissioning purpose.

ÅAn optical model based on beam dynamics code OPTIMX  is 

developed.

ïA preliminary study suggest that quadrupole strengths were off 

by 4 –5% from magnetic measurement. 

ïDifferential trajectory prediction and measurement agree within 

two RMS of measurement data. 

ïOptical model can be used to manipulate beam trajectory along 

the MEBT

ÅRMS beam sizes prediction using initial Twiss parameters is 

within 5% but need more set of data to make a statement.
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M20 CX and CY M30 CX and CY
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ÅBack-ups
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BPMs v/s Buncher

Vertical Position Horizontal Position 

Å There is significant impact of turning buncheron/off on vertical beam 
position readings. However, relatively there is no such noticeable impact 
on horizontal position read-backs. 



Å Ratio of slopes at TOF to Frankenstein scraper matches within 5 % of 

ratio of their respective distances from the M50CXI corrector.

Characterization of TOF monitor 
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Influence of Quadrupole on corrector fields 
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Å Corrector Calibration coefficient that implies integral field per unit 
corrector current is changed.
Å Need to determine new calibration coefficient for correctors.  

Å Simulation suggests that
quadrupolepresencewill affect
strength of steering corrector
andresult in:
Å Shift in center of gravity by 88

mm.
Å Integral field is reduced to

about44%.
Å Magnetic integral field of corrector

is measured standalone without
quadrupoles.


